Introduction

44
The rainforests of South America present unique environmental features and their 45 central role in the regulation of Earth's climate is currently widely recognized (e.g.
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characteristics in Amazonia has allowed some of the most diverse forms of life to 48 flourish. The Amazon Basin has undergone climate variation that has affected forest 49 extent and composition (Wang et al. 2017 ).
50
For many years, it was thought that Amazonia was relatively unaffected by humans 51 prior to the arrival of Europeans (Denevan 1992) . However, evidence has emerged 52 pointing to the existence of complex and sedentary societies in some regions of 53 Amazonia (Neves 2005) . This has led to debate into the onset, extent, and timescale of 54 the early impact of humans in the area, including the frequency of fire, both as a tool 55 and applied accidentally (Willis et al. 2004; Heckenberger et al. 2007 ; Denevan et al. cause of the fires in these ecosystems, fire frequency is related to climate, with return 81 intervals of hundreds or thousands of years (Sanford et al. 1985) .
82
The study of ancient fires relies on the analysis of charcoal remains. AMS radiocarbon 83 dating of charcoal can be used to determine the date that carbon was incorporated into 84 wood, and for young wood, an approximate date of burning (McFadgen 1982) . Over 85 millennia, charcoal fragments retain the age record of each component of the original 86 tree.
87
Even if the death of the plant is related to the time of burning, growth layers formed 88 over the life of the tree can add years to age determination (McFadgen 89 1982) . McFadgen (1982) defines the time lapse between the death of a tree and the date 90 of an event as 'inbuilt age', introducing the concepts of growth and storage ages. 
113
In this study, we performed both anthracological analysis and radiocarbon dating in sets 
Materials and Methods
126
The Amazon Basin study sites span a large precipitation seasonality gradient,
127
encompassing Southern Venezuela and the Brazilian states of Amazonas, Pará, and
128
Mato Grosso (Figure 1 ). The soils of a total of 7 research areas were sampled. In six ice/ethanol traps in the graphitization line and converted to graphite using the 152 zinc/titanium hydrate method with an iron catalyst (Xu et al. 2007; Macario et al. 2015) .
153
Individual torch-sealed tubes were heated at 520°C for 7 hr in a muffle oven. Graphite due to human activity.
242
A total of 13 families were identified from the anthracological analysis (Table 1) . 2013). However, we only identified one charred species of Goupiaceace.
251
Some of the charcoal fragments could not be identified; some were unidentifiable 252 because they were too damaged (53D and E, 66B, 77C, 79A, B and C), and others Uncertainty in the interpretation of charcoal radiocarbon ages can be introduced, as Sapotaceae and Combretaceae include several long lifespan species, although they also 290 include some short-lived pioneer and early secondary species, while Goupiaceae is 291 frequently a pioneer.
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292
Out of the 16 sets of charcoal fragments identified, five contained more than one 293 taxonomic type. For the radiocarbon dating of sample sets with more than one family,
294
some of the dates are statistically similar, such as sample sets 66 and 77. In both cases,
295
one fragment could not be identified but could be distinguished from the others,
296
suggesting the fragments belonged to two different families that were contemporaneous.
297
Other sample sets had differences in age of hundreds of years. In sample set 52 the age 298 difference is very large and again the oldest fragment remains indeterminate.
299
Differences in dates at a given site might be attributed to inbuilt age. In sample set 87,
300
only the youngest fragment could be identified, making it difficult to evaluate such a 
